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Background and purpose: Periodontal disease is closely related to lifestyle-related diseases 
and obesity. It is widely known that moderate exercise habits lead to improvement in lifestyle-
related diseases and obesity. However, little research has been undertaken into how exercise 
habits affect periodontal disease. The purpose of this study was to examine the effect of exercise 
habits on periodontal diseases and metabolic pathology. 
Methods: We conducted a prospective intervention research for 12 weeks. The subjects 
were 71 obese men who participated in an exercise and/or dietary intervention program. Fifty 
subjects were assigned to exercise interventions (exercise intervention group) and 21 subjects 
were assigned to dietary interventions (dietary intervention group). This research was conducted 
before and after each intervention program. 
Results: In the exercise intervention group, the number of teeth with a probing pocket depth 
(PPD) $4 mm significantly decreased from 14.4% to 5.6% (P,0.001), and the number of teeth 
with bleeding on probing (BOP) significantly decreased from 39.8% to 14.4% (P,0.001). The 
copy counts of Tannerella forsythia and Treponema denticola decreased significantly (P=0.001). 
A positive correlation was found between the change in the copy count of T. denticola and the 
number of teeth with PPD $4 mm (P=0.003) and the number of teeth with BOP (P=0.010). 
A positive correlation was also found between the change in the copy count of T. denticola 
and body weight (P=0.008), low-density lipoprotein cholesterol (P=0.049), and fasting insulin 
(P=0.041). However, in the dietary intervention group the copy count of T. denticola decreased 
significantly (P=0.007) and there was no correlation between the number of periodontal disease-
causing bacteria and PPD and BOP. 
Conclusion: Our results are the first to show that exercise might contribute to improvements 
in periodontal disease.
Keywords: bacteria, intervention studies, lifestyle, metabolic syndrome, obesity, periodontal 
disease, periodontal status
Introduction
Periodontal disease and dental caries are the two major diseases treated by dentists. 
It has been reported that there is a relationship between periodontal disease and systemic 
diseases.1 Periodontal diseases are bacterial infections occurring in the periodontal 
tissues and are considered to be lifestyle-related diseases. Periodontal disease is clini-
cally diagnosed by examination with a dental probe. If the probing pocket depth (PPD) 
is $4 mm, it is diagnosed as moderate periodontitis. If there is bleeding on probing 
(BOP), it is diagnosed as gingivitis. 
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The most well-known periodontal disease–causing bac-
teria are three bacterial species of the red complex: Porphy-
romonas gingivalis, Tannerella forsythia, and Treponema 
denticola.2 These three bacterial species are said to be the 
most highly pathogenic microorganisms, and their frequency 
increases as the periodontal pocket gets deeper. It has been 
reported that periodontal disease and systemic diseases, such 
as diabetes, cardiovascular disease, and aspiration pneumoni-
tis, are closely related. In recent years, a relationship between 
periodontal disease and nonalcoholic fatty liver disease, 
which is a lifestyle-related disease, has been reported.3
Periodontal diseases are closely related to lifestyle and 
obesity. Moderate exercise habits contribute to improvement 
in lifestyle-related diseases and obesity. A pathology that 
combines a lifestyle-related disease and obesity is called 
metabolic syndrome. Metabolic syndrome is identified 
by symptoms including abdominal obesity, dyslipidemia, 
hyperglycemia, and hypertension. One report suggested 
that metabolic syndrome raises the risk of developing type 2 
diabetes by a factor of 5.4
Obesity has been implicated as the most biologically 
relevant risk factor in the relationship between periodontal 
disease and metabolic syndrome.5 Obese people have a higher 
risk of periodontitis compared with healthy subjects,6,7 and a 
correlation between severe periodontitis and metabolic syn-
drome has been confirmed in patients aged $45.8 A Japanese 
study reported that the greater the number of metabolic 
syndrome diagnostic criteria that apply, the higher the risk 
of periodontitis.9 In a systematic review reported by Chaffee 
and Weston,10 the prevalence of periodontal disease in obese 
people was 1.35, compared with 1.00 in healthy subjects, 
while Suvan et al11 reported an odds ratio of 1.81.
It is also widely known that moderate exercise habits 
lead to improvement in lifestyle-related diseases. Some 
reports suggested that moderate exercise routinely alleviates 
systemic inflammatory reactions12 and that a decrease in the 
amount of physical activity increases the risk of many chronic 
diseases.13 Correlations have also been reported between the 
presence or absence of physical activity and gingival bleeding 
and calculus deposition.14
Although periodontal disease is closely associated with 
lifestyle-related diseases and obesity, there has been little 
research into how exercise habits affect periodontal disease. 
The purpose of this study was to examine the influence of exer-
cise habits on periodontal disease and metabolic pathology.
Participants and methods
A recruitment-based, exercise intervention program was run 
for 12 weeks, three times/week, and clinical tests at baseline 
and week 12 were carried out at the University of Tsukuba 
Hospital (Ibaraki, Japan) from August to December 2014. 
We recruited participants who were obese (body mass 
index .25 kg/m2) adult men through an advertisement in a 
local newspaper according to the study criteria. We adopted 
the following eligibility criteria for participation in this study: 
male aged 31–64 years without exercise habits (#1 session/
week and #30 minutes/session) over the past year and serious 
diseases of oral cavity. The subject requirements were as fol-
lows: people who had no routine exercise habits, people who 
had never undertaken a weight reduction program, people 
who desired weight reduction, people who wanted to review 
their exercise habits, and people who understood and agreed 
with the purpose of our study.
Initially, 67 applicants from Ibaraki prefecture partici-
pated. All 67 people were recruited in advance of the exer-
cise intervention program. After the briefing held before the 
program, six people were excluded: one person declined to 
participate, three people did not meet the inclusion criteria, 
and two people had problems related to the electrocardio-
gram. Of the 61 people who participated in the exercise 
intervention program, nine people dropped out and were 
excluded: one person did not receive the allocated interven-
tion, three people had poor physical condition, three people 
found that they were too busy, one person had depression, 
and one person had a nonresearch-related disease. Of the 
52 people who completed the exercise intervention program, 
two people were excluded as we were unable to collect saliva 
because they could not attend the postmeasurement. Thus, 
17 people were not included in the study sample, and the 
analysis of the exercise intervention group was conducted 
in 50 cases.
All 50 subjects were enrolled in exercise programs com-
posed of resistance training (exercise volume =170~190 kcal/
session) or aerobic training in cycling session for 20~40 minutes 
at 60%–85% VO
2max
 (exercise volume =180–360 kcal/session). 
Details of the strength and frequency of the resistance training 
were as follows: intensity (50%–70% 1 repetition maximum, 
1–2 minutes rest, total 3 sets); crunches (15 repetitions [reps] 
per set); and leg extension, leg press, leg curl, chest press, 
seated row, and lat pull-down (all 12 reps per set).15
In addition, we performed a 12-week dietary interven-
tion program to collect data for the reference group from 
April 2015 to June 2015 at the University of Tsukuba. 
We adopted the following eligibility criteria for participation 
in this study. The subject requirements were the following: 
people who had no routine dietary restrictions, people 
who had never undertaken a weight reduction program, 
people who desired weight reduction, people who wanted 
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to review their diet habits, and people who understood and 
agreed with the purpose of our study.
Initial 35 applicants from Ibaraki prefecture participated. 
All 35 people were recruited in advance of the dietary 
intervention program. After the briefing held before the 
program, five people were excluded: two people declined 
to participate and three people did not meet the inclusion 
criteria. Of the 30 people who participated in the dietary 
intervention program, seven people dropped out and were 
excluded: four people did not receive the allocated inter-
vention and three people found that they were too busy. 
Of the 23 people who completed the exercise intervention 
program, two were excluded as we were unable to collect 
saliva because they could not attend the postmeasurement. 
Thus, 14 people were not included in the study sample, and 
the analysis of the dietary intervention group was conducted 
in 21 cases.
The dietary intervention program provided lectures and 
consultations on nutrition and dietary habits once a week for 
90 minutes, recorded the items taken for each meal, and set 
a target of 560 kcal per meal and 1,680 kcal per day. The 
detailed descriptions of dietary restriction session have been 
published elsewhere.16
All the participants were separate cases, and no one 
participated in both the programs. This prospective research 
was conducted before and after each intervention program. 
There is no dental intervention, but it is based on the life-
style modification research aimed at acquiring good exercise 
and dietary habits. Fifty subjects were assigned to exercise 
interventions (exercise intervention group), and 21 subjects 
were assigned to dietary interventions (dietary intervention 
group). Premeasurement was carried out 1 month before the 
program, and postmeasurement was carried out 1 month after 
the program ended.
Measurement items were modified dental questionnaire 
survey by Japan Dental Association, medical interview and 
intraoral examination by a dentist, the number of periodontal 
disease-causing bacteria in saliva, body composition, and a 
blood test. Premeasurement and postmeasurement were per-
formed in the same way. Items of the questionnaire survey 
were toothbrushing time, toothbrushing frequency, the use of 
toothbrushing aids, the frequency of dental examinations, the 
presence or absence of toothbrushing at the dental clinic, the 
presence or absence of drinking, and the presence or absence 
of smoking. In the medical interview, we enquired about 
subjective symptoms including gum bleeding, gingival swell-
ing, halitosis, and tooth mobility. The intraoral examination 
recorded the number of residual teeth, the number of restored 
teeth, the number of carious teeth, PPD, BOP, tooth movement, 
and mouth dryness. In addition, we examined the number of 
teeth with PPD $4 mm and the number of teeth with BOP 
among of the number of residual teeth.
Saliva was collected before and after the program, and 
the DNA was extracted. Saliva production was stimulated by 
chewing paraffin gum for 3–5 minutes before sampling by 
the discharge method. A 200-µL sample of saliva was trans-
ferred to a microtube, and DNA extraction was carried out by 
using DNeasy Blood & Tissue Kit (Qiagen, Venlo, Limburg, 
the Netherlands). The extracted DNA was stored at −30°C 
until analysis. Bacterial counts of three red complex species 
in saliva (P. gingivalis, T. forsythia, and T. denticola) were 
examined by qPCR. P. gingivalis RO – 0010, T. forsythia 
RO – 0014, and T. denticola RO – 0013 (Techno Suruga 
Labo Co., Shizuoka, Japan) were used as calibration samples 
and primers for qPCR. The DNA standard curve consisted 
of known amounts of molecules of purified PCR products 
isolated from agarose gels. The DNA concentration was 
estimated by absorbance at 260 nm, and a series of 10-fold 
dilutions was prepared for standard curves as previously 
described. The amount of bacterial DNA in the samples 
was estimated from the standard curve. Real-time PCR 
was performed by using the Bio-Rad iQ5 System (Bio-Rad 
Laboratories Inc., Hercules, CA, USA). The reaction mixtures 
contained 2.0 µL of purified DNA from saliva samples, 
0.2 µL of primers, and 5.0 µL iQ SYBR Green Supermix 
(Bio-Rad Laboratories Inc.). Distilled water was added to a 
final volume of 10 µL. All data were analyzed using the iQ5 
Optical System Software (Bio-Rad Laboratories Inc.). All 
experiments for quantifying bacterial levels were performed 
in triplicate and independently repeated twice.
In addition, body composition tests (eg, body weight, 
body fat percentage, and abdominal girth) as well as blood 
sampling tests such as liver function, kidney function, and 
blood count (Kotobiken Medical Laboratories Inc., Ibaraki, 
Japan), were carried out.
These study protocols were approved by the institutional 
review board of the University of Tsukuba. All the procedures 
were carried out in accordance with the principles of the 
Declaration of Helsinki. We fully explained the purpose and 
design of the study to all the participants, and each participant 
signed an informed consent document. Approval was granted 
for both the exercise intervention program (no 25-124) and 
the dietary intervention program (no 26-118).
The data were analyzed using SPSS Version 23.0 for 
Windows (IBM, Chicago, IL, USA). We used a χ2 test, 
Wilcoxon signed-rank test, and Pearson’s product–moment 
correlation coefficient with the level of statistical significance 
set at P,0.05. 
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Results
The results of the questionnaire showed that there were no 
significant differences between the exercise and dietary 
intervention groups before or after the program (Table 1). 
The intraoral examinations in the exercise intervention group 
showed that the number of teeth with PPD $4 mm significantly 
decreased from 14.4% before the program to 5.6% after the 
program (P,0.001) and that the number of teeth with BOP 
significantly decreased from 39.8% to 14.4% (P,0.001; 
Table 2). In the dietary intervention group, there was no 
significant difference between before and after the program 
in the number of teeth with PPD $4 mm nor in the number 
of teeth with BOP. The results of qPCR in the exercise inter-
vention group showed that the copy count of T. forsythia and 
T. denticola decreased significantly after the program (P=0.001; 
Table 2). In the dietary intervention group, there were sig-
nificant differences between before and after the program in 
the copy count of P. gingivalis (P=0.007) and T. denticola 
(P=0.023; Table 2). There was no significant difference in the 
number of remaining teeth in either group (Table 2). 
There were significant differences between before and 
after the program in body weight, alanine transaminase 
(ALT), gamma glutamyl transferase (γ-GT), high-density 
lipoprotein cholesterol, free fatty acids (FFAs), and hemo-
globin A1c in the exercise intervention group (Table 3). 
There were significant differences between before and after 
the program in body weight, aspartate transaminase (AST), 
ALT, γ-GT, T-Cho, low-density lipoprotein cholesterol 
(LDL-C), FFAs, fasting insulin, and HbA1c in the dietary 
intervention group (Table 4).
A positive correlation was found between the change in 
the copy count of T. denticola and the number of teeth with 
PPD $4 mm (P=0.003) and the number of teeth with BOP 
(P=0.010; Figure 1). A positive correlation was also found 
between the change in the copy count of T. denticola and 
the change in body weight (P=0.008), LDL-C (P=0.049), 
and fasting insulin (P=0.041; Table 5; Figure 2). In the 
dietary intervention group, there was no correlation between 
the copy count of periodontitis bacteria and any of the 
items (Table 6). 
Discussion
In the present study, the number of teeth with PPD $4 mm, 
the number of teeth with BOP, and the copy count of 
T. denticola decreased significantly after the program in the 
exercise intervention group. There were positive correlations 
between the copy count of T. denticola and the number of 
teeth with PPD $4 mm, the number of teeth with BOP, body 
weight, LDL-C level, and fasting insulin level in the exercise 
intervention group. However, in the dietary intervention 
group, there were no correlations between the copy count of 
periodontitis bacteria and any of the items. The results of the 
questionnaire survey revealed that there were no significant 
changes in the frequency or duration of toothbrushing or the 
use of auxiliary instruments after the program. This finding 
suggests that there was no change in the motivation for 
improved oral hygiene. Our findings suggest that the exercise 
intervention improved obesity and metabolic pathology and 
activated the local immune reaction, thus improving the con-
dition of the periodontium. Interestingly, there was a positive 
Table 1 Results of the questionnaire survey and medical interview pre- to postintervention
Variable Preintervention Postintervention P-value
exercise intervention group (n=50)
number of brushings per day (times)* 2 2 0.807
Brushing time per day (minutes)* 6 6 0.206
Use of auxiliary instrument (floss interdental brush, etc.) (%)** 24 26 0.817
Regular visit to a dental office (%)** 20 20 1.000
Gingival bleeding during tooth brushing (%)** 28 24 0.648
Teeth stinging (%)** 24 36 0.190
The gingiva retracted and the tooth became longer (%)** 18 24 0.461
Dietary intervention group (n=21)
number of brushings per day (times)* 2 2 0.180
Brushing time per day (minutes)* 6 7 0.937
Use of auxiliary instrument (floss interdental brush, etc.) (%)** 24 29 0.726
Regular visit to a dental office (%)** 24 24 1.000
Gingival bleeding during tooth brushing (%)** 29 33 0.739
Teeth stinging (%)** 24 33 0.495
The gingiva retracted and the tooth became longer (%)** 33 33 1.000
Notes: *These data are the median. Wilcoxon signed-rank test was used for analysis. **These data are the ratio of the number of people answering “Yes”. χ2 test was used 
for analysis.
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correlation between periodontal disease-causing bacteria and 
body weight, LDL-C, and fasting insulin, suggesting that the 
improvement in the periodontal condition may be related to 
improvement in obesity, hyperlipidemia, and diabetes.
Factors affecting periodontal disease
Periodontal disease is directly caused by periodontal disease-
causing bacteria, but indirect causes include host factors and 
environmental factors. These factors are thought to contribute 
significantly to the onset and progress of periodontal dis-
ease pathology. Host factors include age, sex, diabetes, and 
obesity.17,18 Environmental factors include oral cleaning 
conditions, smoking habits, and stress stimulation.19–22 Exer-
cise habits may be a new environmental factor or may simply 
exert an influence on known environmental factors. In this 
study, subjects in each intervention program completed a 
survey before and a survey after the program. Therefore, of 
these factors, age, sex, and smoking habits can be excluded.
The questionnaire results indicated that there was no 
change in the motivation for oral cleaning conditions; there-
fore, changes in oral hygiene can also be excluded. The remain-
ing factors affecting periodontal disease are obesity, diabetes, 
and stress stimulation. In this study, we considered obesity, 
which is closely related to the content of the program.
Table 2 Periodontal disease tests and bacterial quantities, amount of change from pre- to postintervention
Variable Preintervention Postintervention Change P-value
exercise intervention group (n=50)
number of remaining teeth 27.0±3.9 27.0±3.9 0 0.317
number of teeth with PPD $4 mm (%) 14.4±12.9 5.6±8.5 −8.8 ,0.001*
Number of BOP positive teeth (%) 39.8±18.0 14.4±7.7 −25.4 ,0.001*
Porphyromonas gingivalis (×103 copy/5 µl saliva) 11,370.9±16,961.0 13,615.8±21,216.9 2,245.0 0.449
Tannerella forsythia (×103 copy/5 µl saliva) 1,416.4±2,000.9 747.8±958.6 −668.6 0.001*
Treponema denticola (×103 copy/5 µl saliva) 377.4±521.9 191.7±533.9 −185.7 0.001*
Dietary intervention group (n=21)
number of remaining teeth 27.0±6.1 27.0±6.1 0 0.180
number of teeth with PPD $4 mm (%) 12.5±18.7 9.1±27.0 −3.4 0.246
Number of BOP positive teeth (%) 39.6±17.5 48.7±28.6 9.1 0.092
P. gingivalis (×10³ copy/5 µl saliva) 20,456.3±24,326.8 33,118.2±47,638.1 12,661.9 0.007*
T. forsythia (×10³ copy/5 µl saliva) 4,933.8±5,614.6 6,107.8±1,829.8 1,174.0 0.357
T. denticola (×10³ copy/5 µl saliva) 500.0±619.8 294.4±435.8 −205.6 0.023*
Notes: Values are presented as mean ± sD. Wilcoxon signed-rank test was used for analysis. *P,0.05.
Abbreviations: BOP, bleeding on probing; PPD, probing pocket depth.
Table 3 amount of change in body weight and blood test results 
from pre- to postintervention
Variable Exercise intervention group (n=50)
Pre Post Change P-value
Body weight (kg) 83.5±13.6 84.0±13.6 0.5 0.018*
asT (U/l) 27.9±15.3 28.4±15.3 0.6 0.309
alT (U/l) 40.7±34.1 37.6±31.4 −3.1 0.005*
γ-gT (U/l) 54.4±44.4 50.9±56.9 −3.5 0.004*
T-Cho (mg/dl) 205.6±32.6 204.4±36.5 −1.2 0.674
hDl-C (mg/dl) 50.0±11.1 52.0±11.6 2.0 0.014*
lDl-C (mg/dl) 130.0±28.1 127.7±30.3 −2.3 0.505
FFas (meq/l) 0.6±0.3 0.5±0.2 −0.2 ,0.001*
Fasting blood 
glucose (mg/dl)
100.4±20.4 98.5±13.0 −1.9 0.836
Fasting insulin (µU/ml) 11.8±8.7 10.7±6.5 −1.1 0.248
HbA1c (%) 5.7±0.8 5.7±0.6 0.0 0.006*
Notes: Values are presented as mean ± sD. Wilcoxon signed-rank test was used 
for analysis. *P,0.05.
Abbreviations: alT, alanine transaminase; asT, aspartate transaminase alanine; 
FFas, free fatty acids; γ-gT, gamma glutamyl transferase; hba1c, hemoglobin 
a1c; hDl-C, high-density lipoprotein cholesterol; lDl-C, low-density lipoprotein 
cholesterol.
Table 4 amount of change in body weight and blood tests from 
pre- to postintervention
Variable Dietary intervention group (n=21)
Pre Post Change P-value
Body weight (kg) 80.8±10.3 72.1±9.6 −8.6 ,0.001*
asT (U/l) 26.8±10.1 20.0±5.7 −6.8 0.002*
alT (U/l) 33.2±23.6 23.6±10.7 −9.6 0.026*
γ-gT (U/l) 41.6±18.8 24.0±9.9 −17.5 ,0.001*
T-Cho (mg/dl) 212.7±39.0 185.3±40.4 −27.3 0.002*
hDl-C (mg/dl) 53.8±12.7 53.1±11.7 −0.6 0.497
lDl-C (mg/dl) 136.4±36.2 111.8±34.8 −24.6 0.002*
FFas (meq/l) 0.5±0.2 0.6±0.2 0.1 0.047*
Fasting blood 
glucose (mg/dl)
101.4±21.0 94.8±8.3 −6.6 0.102
Fasting insulin (µU/ml) 11.1±7.3 6.5±2.9 −4.6 0.002*
HbA1c (%) 5.7±0.5 5.3±0.2 −0.2 0.003*
Notes: Values are presented as mean ± sD. Wilcoxon signed-rank test was used 
for analysis. *P,0.05.
Abbreviations: alT, alanine transaminase; asT, aspartate transaminase alanine; 
FFas, free fatty acids; γ-gT, gamma glutamyl transferase; hba1c, hemoglobin 
a1c; hDl-C, high-density lipoprotein cholesterol; lDl-C, low-density lipoprotein 
cholesterol.
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Condition of obesity
Obesity and metabolic syndrome patients are said to have a 
chronic inflammatory response throughout the whole body. 
This is similar to periodontal diseases in that these diseases 
are all chronic inflammatory diseases. In obese people, adi-
pose tissue has accumulated in subcutaneous and visceral 
fat. Many macrophages infiltrate and accumulate in adipose 
tissue, and the secretion of inflammatory cytokines such as 
tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), and 
monocyte chemoattractant protein-1 (MCP-1) increases.23,24 
TNF-α inhibits the action of insulin receptors and attenuates 
the insulin signal. It is positively correlated with body fat 
percentage and blood insulin25,26 and tends to exhibit insulin 
resistance.27 IL-6 is a multifunctional cytokine that regulates 
hematopoiesis, the immune response, and the inflammatory 
response. It stimulates white adipocytes and inhibits insulin 
signaling.28 MCP-1 is a type of inflammatory cytokine that 
induces macrophages into white adipocytes.29 In periodonti-
tis, these inflammatory cytokines are recognized in significant 
numbers and have an effect on glucose metabolism and lipid 
metabolism.30 In addition, obese people have decreased abil-
ity to produce adiponectin, an anti-inflammatory cytokine25 
that is resistant to leptin, which enhances insulin sensitivity.31 
Leptin has been identified as a causative gene for hereditary 
obesity and is deeply involved in attachment loss in periodon-
tal disease. Leptin concentration in the blood increases as 
Figure 1 Pearson’s product–moment correlation coefficient between the change in periodontal tests and the copy count of Treponema denticola. (A) Correlation between 
the change in the copy count of T. denticola and the median percentage of the number of teeth with PPD $4 mm (correlation coefficient r=0.417, significant difference 
P=0.003). (B) Correlation between the change in the copy count of T. denticola and the median percentage of teeth with BOP (correlation coefficient r=0.362, significant 
difference P=0.010).
Abbreviations: BOP, bleeding on probing; PPD, probing pocket depth.
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found a relationship between ischemic heart disease34 and 
LPS derived from periodontal disease-causing bacteria, and 
another study demonstrated a relationship between nonalco-
holic fatty liver disease and LPS derived from periodontal 
disease-causing bacteria.35 LPS derived from periodontal 
disease is likely to result in a deterioration in periodontal 
disease as LPS sensitivity increases.
effect of exercise habits
It has been demonstrated that liver function improves with 
habitual exercise.16 In general, habitual exercise activates 
local immunocompetent cells such as macrophages, neutro-
phils, and lymphocytes.36 As the function of macrophages 
is enhanced, dendritic cells are activated in the periphery. 
Dendritic cells activate and regulate microbial infection with 
innate immune responses and adaptive immune responses and 
are involved in immune responses in chronic periodontitis.37,38 
In a study that divided subjects into a nonexercise group, a 
long-term moderate exercise group, and a high-intensity exer-
cise group, the peripheral blood neutrophil and lymphocyte 
concentration were significantly higher in the long-term mod-
erate exercise group than in the other groups,39 confirm-
ing that moderate exercise is beneficial immunologically. 
Table 5 Correlation between change in the copy count 
of periodontal disease-causing bacteria and body weight, blood 
test results
Variable Exercise intervention group (n=50)
Porphyromonas 
gingivalis
Tannerella 
forsythia
Treponema 
denticola
Body weight (kg) 0.573 0.115 0.008*
asT (U/l) 0.768 0.840 0.488
alT (U/l) 0.743 0.597 0.859
γ-gT (U/l) 0.999 0.761 0.485
T-Cho (mg/dl) 0.543 0.655 0.210
hDl-C (mg/dl) 0.644 0.372 0.556
lDl-C (mg/dl) 0.080 0.208 0.049*
FFas (meq/l) 0.397 0.102 0.952
Fasting blood 
glucose (mg/dl)
0.980 0.701 0.545
Fasting insulin (µU/ml) 0.532 0.355 0.041*
HbA1c (%) 0.960 0.201 0.111
Notes: all data are for the amount of change from pre- to postintervention. 
Pearson’s product–moment correlation coefficient was used for analysis. *P,0.05.
Abbreviations: alT, alanine transaminase; asT, aspartate transaminase alanine; FFas, 
free fatty acids; γ-gT, gamma glutamyl transferase; hba1c, hemoglobin a1c; hDl-C, 
high-density lipoprotein cholesterol; lDl-C, low-density lipoprotein cholesterol.
Figure 2 Pearson’s product–moment correlation coefficient between the change in body weight and blood tests and the copy count of Treponema denticola. (A) Correlation 
between the change in the copy count of T. denticola and the change in body weight (correlation coefficient r=0.373, significant difference P=0.008). (B) Correlation between 
the change in the copy count of T. denticola and the change in LDL-C (correlation coefficient r=0.282, significant difference P=0.049). (C) Correlation between the change in 
the copy count of T. denticola and the change in fasting insulin (correlation coefficient r=0.293, significant difference P=0.041).
Abbreviation: lDl-C, low-density lipoprotein cholesterol.
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periodontal tissue destruction increases.32 Obese people have 
increased sensitivity to lipopolysaccharide (LPS).33 There are 
many reports suggesting that LPS derived from periodontal 
disease-causing bacteria affects systemic diseases. One study 
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Long-term habitual exercise has been shown to reduce sub-
cutaneous and visceral fat, decrease basal levels of inflamma-
tory cytokines such as TNF-α, IL-6, and MCP-1, and increase 
anti-inflammatory cytokines such as adiponectin.28,29,40,41 
Calorie restriction and walking training were conducted 
for severely obese men for 3 weeks, and they resulted in 
a significant decrease in the expression of macrophages 
in visceral fat, a significant decrease in IL-6 in the blood, 
and a significant increase in adiponectin.40 Another study 
demonstrated that exercise reduces leptin gene expression 
in visceral fat and that blood leptin concentration decreases 
after exercise.31 The findings of these studies indicate that 
exercise habits could reduce local inflammatory cytokines, 
activate immunocompetent cells, and improve the pathologi-
cal condition of periodontitis.
Periodontal disease and liver function
In this study, ALT and γ-GT decreased significantly before and 
after the exercise intervention. Several studies have reported 
that there is a relationship between periodontal disease and 
liver function. In a study of young adults, it was reported that 
in 104 (4.7%) men with periodontitis, there was a significant 
association with an increased level of ALT (#41 IU/L) in 
logistic regression analysis (adjusted odds ratio =2.3; 95% 
confidence interval =1.0–5.2; P,0.05).42 In females, the 
incidence of periodontitis (PPD $4 mm) was significantly 
higher in those with elevated serum levels of AST (P,0.01), 
ALT (P,0.01), and cholinesterase (P,0.001) and an AST-to-
ALT ratio of ,1 (P=0.02).43 In addition, it has been reported 
that in men with low alcohol consumption, there is a signifi-
cant association between periodontal pocket depth and the 
coexistence of elevated ALT and metabolic syndrome.44 These 
findings indicate that periodontal disease is closely related to 
liver function. Therefore, improving liver function by increas-
ing exercise is likely to improve periodontal disease.
Periodontal disease and hyperlipidemia
In patients with chronic periodontitis, LDL-C and triglycer-
ides tend to be higher. It is suggested that periodontal disease 
may be a risk factor for hyperlipidemia.45 It has also been 
reported that moderate exercise habits improve hyperlipi-
demia and lower HDL-C and LDL-C.46 In particular, aerobic 
exercise is said to be effective for LDL-C reduction.47 In this 
study, because a positive correlation was found between 
LDL-C and periodontitis-causing bacteria, the possibility that 
T. denticola might be involved in the association between 
hyperlipidemia and periodontal disease was considered.
Periodontal disease and exercise habits
Recent investigations have demonstrated that inflamma-
tory cytokines (such as TNF-α and IL-6) and blood leptin 
concentration decreased and adiponectin increased in obese 
subjects suffering from chronic periodontitis with nonsurgical 
periodontal disease treatment.48,49 This is similar to the effect 
achieved with an increase in exercise. Thus, habitual exercise 
may activate the immune system and reduce inflammatory 
cytokines, resulting in a reduction in obesity and lifestyle-
related diseases. One study reported that the prevalence of 
upper respiratory tract infections is significantly decreased 
in subjects who habitually exercise.50 It is possible that the 
establishment of appropriate exercise habits improves peri-
odontal disease through the activation of the immune system 
and a reduction in inflammatory cytokines, and it is presumed 
that this effect is similar to that of nonsurgical periodontal 
treatment on obese people. A recent clinical study proposed 
that obesity should be controlled before or during periodontal 
disease treatment.51 The available research suggests that exer-
cise habits may have a synergistic effect in the improvement 
of periodontal disease with the usual periodontal treatment.
limitations
One limitation of our study is that we did not evaluate inflam-
matory cytokines. Further trials evaluating the local immune 
Table 6 Correlation between change in the copy count of 
periodontal disease-causing bacteria and body weight, blood test 
results
Variable Dietary intervention group (n=21)
Porphyromonas 
gingivalis
Tannerella 
forsythia
Treponema 
denticola
Body weight (kg) 0.941 0.936 0.914
asT (U/l) 0.539 0.335 0.972
alT (U/l) 0.199 0.200 0.578
γ-gT (U/l) 0.747 0.784 0.851
T-Cho (mg/dl) 0.729 0.460 0.724
hDl-C (mg/dl) 0.711 0.899 0.592
lDl-C (mg/dl) 0.903 0.421 0.446
FFas (meq/l) 0.078 0.807 0.807
Ferritin (µg/l) 0.236 0.233 0.493
Fasting blood glucose 
(mg/dl)
0.863 0.978 0.911
Fasting insulin (µU/ml) 0.521 0.996 0.266
HbA1c (%) 0.856 0.935 0.922
Notes: all data are for the amount of change from pre- to postintervention. 
Pearson’s product–moment correlation coefficient was used for analysis.
Abbreviations: alT, alanine transaminase; asT, aspartate transaminase alanine; FFas, 
free fatty acids; γ-gT, gamma glutamyl transferase; hba1c, hemoglobin a1c; hDl-C, 
high-density lipoprotein cholesterol; lDl-C, low-density lipoprotein cholesterol.
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response and further basic research about T. denticola are 
needed to confirm our findings. Furthermore, this study inves-
tigated only male subjects. The prevalence of periodontal 
disease is thought to be higher in males than in females, 
but it has not been clarified whether this sex difference is 
a result of the effect of exercise habits. According to our 
findings, the tendency for obesity was also reduced in the 
dietary intervention group. In this study, because there was 
no association between periodontal disease-causing bacteria 
and the dietary intervention group, the improvement in peri-
odontal disease may be caused by factors that are specific 
to habitual exercise.
Our results showed for the first time that habitual exer-
cise may contribute to improvement in periodontal disease. 
We propose that future treatment options for periodontal 
disease should include encouragement to establish regular 
exercise habits.
Conclusion
Our findings suggest that habitual exercise may contribute 
not only to improvement in periodontal disease but also to 
improvement in the pathology of lifestyle-related diseases.
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